Abstract: In this paper, double acceptance sampling plans are developed for a truncated life test, when the lifetime of an item follows the Marshall-Olkin extended exponential distribution. The probability of acceptance is calculated for different consumer's confidence levels fixing the producer's risk at 0.05. The probability of acceptance and the producer's risk are explained by means of examples.
Introduction
Acceptance sampling (AS) is an inspecting procedure applied in statistical quality control. AS is a part of operations management and services quality maintenance. It is important for industrial, but also for business purposes helping the decision-making process for the purpose of quality management. Producers are very careful about the quality of their products so that they do not face any difficulty in the acceptance when the consumer comes to buy them. AS is most likely to be useful in the situations when testing is destructive, or when the cost of 100% inspection is extremely high, or when 100% inspection is not technologically feasible or would require so much calendar time that the production schedule would be seriously impacted. Sampling plans are hypothesis tests regarding the product that has been submitted for an appraisal and subsequent acceptance or rejection. The decision is based on the pre-specified criteria and the amount of defects or defective units found in the sample. Accepting or rejecting a lot is analogous to not rejecting or rejecting the null hypothesis in a hypothesis test.
A single acceptance sampling plan (SASP) is a specified plan that establishes the minimum sample size to be used for testing. In most AS plans for a truncated life test, the major issue is to determine the sample size from a lot under consideration. It is implicitly assumed in the usual sampling plan that only a single item is put in a tester. On the basis of information obtained from this first sample, we accept or reject the lot. If a good lot is rejected on the basis of this information, its probability is called the type-I error probability (producer's risk) and it is denoted by α. The probability of accepting the bad lot is known as the type-II error probability (consumer's risk) and it is denoted as β. If the product is electronic components or having failure mechanism we put a random sample on test and accept the entire lot if no more than c (AS number) failures occur during the experiment time. More recently, Aslam (2007) proposed double acceptance sampling plans (DASPs) based on truncated life tests when the lifetime of an item follows the Rayleigh distribution and Srinivasa Rao, Ghitany, and Kantam (2009) developed DASPs based on truncated life tests following a Marshall-Olkin extended Lomax distribution.
SASPs based on truncated life tests for a variety of distributions were discussed by Epstein (1954) , Sobel and Tischendorf (1959) , Goode and Kao (1961) , Gupta and Groll (1961) , Gupta (1962) , Kantam and Rosaiah (1998) , Kantam, Rosaiah, and Srinivasa Rao (2001) , Baklizi (2003) , Baklizi and El Masri (2004) , Rosaiah and Kantam (2005) , Rosaiah, Kantam, and Santosh Kumar (2006) ; Rosaiah, Kantam, and Pratapa Reddy (2007) ; Rosaiah, Kantam, and Santosh Kumar (2007) , Tsai and Wu (2006) , Balakrishnan, Leiva, and Lopez (2007) , Aslam and Kantam (2008) and Srinivasa Rao et al. (2009) .
The purpose of this paper is to propose a DASP based on truncated life tests when the lifetime of a product follows the Marshall-Olkin extended exponential distribution introduced by Ghitany, Al-Awadhi, and Alkhalfan (2007) with known shape parameter and to find the probability of acceptance (PA). The probability density function and the cumulative distribution function (cdf) of the Marshall-Olkin extended exponential distribution, are given by
where σ is the scale parameter and ν is the index parameter. The mean of this distribution is given by µ = 1.3863σ when ν = 2. Srinivasa Rao et al. (2009) studied SASPs based on the Marshall-Olkin extended exponential distribution. An introduction and some methodology for the proposed DASP for life test is given in Section 2. A description by means of tables and examples is contained in Section 3, and finally some conclusions are given in Section 4.
The Double Acceptance Sampling Plan for Life Tests
The DASP is used to minimize the risk of the producer, because it provides another opportunity for acceptance of the product. In the DASP a sample with n 1 items is taken from the lot which is called the first sample. This first sample is put on test. Let c 1 and c 2 be the acceptance numbers for the first and the second sample, respectively. We terminate the experiment if no more than c 1 failures occur during the experiment time t 0 , i.e. we reject or accept the lot on the basis of sample 1 if more than c 2 failures occur or the time of experiment has ended (whichever occurs earlier). If (c 1 + 1) failures occur in the first sample then all possibilities for the second sample are given as:
First Sample Second Sample (c 1 + 1) failures occur in sample 1 < (c 2 − 1) failures in sample 2 are required to accept (c 1 + 2) failures occur in sample 1 < (c 2 − 2) failures must occur in sample 2 to accept and so on.
Let µ represent the true average life of a product and µ 0 denote the specified life of an item, under the assumption that the lifetime of an item follows the Marshall-Olkin extended exponential distribution. A product is considered as good and accepted for consumer's use if the sample information supports the hypothesis H 0 : µ ≥ µ 0 . Otherwise the lot of the product is rejected. In AS schemes, this hypothesis is tested based on the number of failures from a sample in a pre-fixed time. If the number of failures exceeds the action limit c we reject the lot. We accept the lot if there is enough evidence that µ ≥ µ 0 at a certain level of consumer's risk. Otherwise we reject the lot. In order to determine the parameters of the proposed sampling plan we use the consumer's risk. Often the consumer's risk is expressed by the consumer's confidence level. If the confidence level is p * , then the consumer's risk is β = 1 − p * . In this study we fix the consumer's risk such that
where p is the probability that an item fails before termination time. Consider a life testing experiment having n 1 items in the first sample put on test, with an acceptance number of c 1 = 0 in this first sample, and n 2 items in the second sample put on test and we accept the lots if no more than two failures occur in the second sample, i.e. c 2 = 2. If no failure occurs in the first sample of n 1 items put on test, we accept the lot. If the true but unknown lifetime of the product deviates from the specified lifetime of the product it should result in a considerable change in the PA of the lot based on the sampling plan. Hence the PA can be regarded as a function of the deviation of the specified average from the true average. This function is called the operating characteristic (OC) function of the sampling plan. Values of the PA for the first sample using the Marshall-Olkin extended exponential distribution with ν = 2 are given in Table 1 . Denote the PAs as L(p 1 ) and L(p 2 ) for sampling plans (n 1 , c 1 , t/σ 0 ) and (n 2 , c 2 , t/σ 0 ), respectively, then
where
The PA for a DASP can be obtained by using (4) and (5) and is Pr(A) = Pr(no failure occurs in sample 1) + Pr(1 failure occurs in sample 1 and 0 or 1 failure occurs in sample 2) + Pr(2 failures occur in sample 1 and 0 failure occurs in sample 2) .
Values of the PA for a DASP are determined at p * = 0.75, 0.90, 0.95, 0.99 and t/σ 0 = 0. 628, 0.942, 1.257, 1.571, 2.356, 3.142, 3.927, 4 .712 with ν = 2 and are given in Table 2 .
It is important to note that in the first sample and in the second sample p is a function of the cdf of the Marshall-Olkin extended exponential distribution. These choices are consistent with Gupta and Groll (1961) , Gupta (1962) , Kantam et al. (2001) , Baklizi and El Masri (2004) , Balakrishnan et al. (2007) .
Description of Tables and Examples
Suppose that the lifetime of a product follows the Marshall-Olkin extended exponential distribution with ν = 2 and an experimenter wants to establish that its true unknown mean life is at least 1000 hours with confidence 0.90. The acceptance numbers for this experiment are c 1 = 0 and c 2 = 2 with sample sizes n 1 = 12 and n 2 = 16. The lot is accepted if during 628 hours no failure is observed in a sample of 12. The PA for this SASP from Table 1 is 0.13117. The PA for the same setup using a DASP from Table 2 is 0.22724. In a DASP scheme as σ/σ 0 increases the PA also increases. For the above sampling plan, the PA is 0.96961 when the ratio of the unknown average lifetime to the specified average lifetime is 12. When the time of the experiment increases, the PA for a DASP also decreases. From Table 2 it is clear that when the time of the experiment is 4712 hours and the ratio σ/σ 0 = 2, the PA is 0.05633. For the same experiment time, when σ/σ 0 increases the PA also increases. It is important to note that a DASP minimizes the producer's risk, but this scheme also exerts the pressure on the producer to improve the quality level of his product. At 4712 hours and with σ/σ 0 = 12 and p * = 0.90, the PA is 0.64988. The producer's risk for the first sample for p * = 0.90 are given in Table 3 . For σ/σ 0 = 2 (if the unknown average lifetime is twice the specified average lifetime) the producer's risks when the times of an experiment are 628 and 4712 hours are 0.77276 and 0.94367, respectively. The producer's risk decreases as the quality level of the product increases with p * = 0.90. 
